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Simple Summary: The quality of the human-animal relationship plays a central role in determining
animal welfare. In this study, we assessed the relationship between stockperson behavior and buffalo
behavior. In particular, during milking, we recorded the behavior of stockpeople in terms of quality
and quantity of interactions, and we recorded the behavior of animals in terms of restlessness, whereas
at the feeding place, we measured the avoidance distance. Avoidance distance of an animal can be
defined as the distance to which the animal will allow an unknown person to approach before moving
to the side or away. We found that a high percentage of negative stockperson interactions (shouting,
talking impatiently, slapping, and handling forcefully) were associated with a high avoidance distance
at the feeding place and restlessness during milking. Therefore, appropriate stockpeople training
should be conducted to improve the human-animal relationship with positive effects on animal
welfare, productivity, and stockpeople safety.
Abstract: This study aimed to assess the relationship between stockperson behavior and buffalo
behavior. The research was carried out in 27 buffalo farms. The behavior of stockpeople and animals
during milking and the avoidance distance at the feeding place were recorded. Recordings were
repeated within one month to assess test-retest reliability. A high degree of test-retest reliability was
observed for all the variables with Spearman rank correlation coefficients (rs) ranging from 0.578
(p = 0.002, df = 25) for the number of kicks performed during milking to 0.937 (p < 0.001, df = 25) for
the percentage of animals moving when approached by ≤ 0.5 m. The number of negative stockperson
interactions correlated positively with the number of kicks during milking (rs = 0.421, p < 0.028,
df = 25) and the percentage of animals injected with oxytocin (rs = 0.424, p < 0.027), whereas the
percentage of negative stockperson interactions correlated positively with the percentage of buffaloes
moving when approached at a distance >1 m (rs = 0.415, p < 0.031, df = 25). In a subsample of 14 farms,
milk yield was correlated positively with the number of positive interactions (rs = 0.588, p < 0.027,
df = 12) and correlated negatively with the number of steps performed by the animals during milking
(rs = −0.820, p < 0.001, df = 12). This study showed that the quality of stockpeople interactions may
affect buffalo behavior and production.
Keywords: dairy buffalo; human-animal relationship; animal behavior; test-retest reliability;
avoidance distance; milk production; animal welfare
Animals 2019, 9, 246; doi:10.3390/ani9050246 www.mdpi.com/journal/animals
Animals 2019, 9, 246 2 of 11
1. Introduction
Over the last few decades, farm animal welfare has become of great interest for the consumers of
many different regions, including Europe and North America but also Oceania, Latin America, and
Asia [1,2]. As a matter of fact, the consumers’ perceptions of food quality are not only determined by
its overall nature and safety but also by the welfare status of the animal from which it was produced [3].
In other words, animal welfare is an important component of an overall “food quality concept”.
The human-animal relationship is an important factor when considering farm animal welfare [4,5].
In intensive systems, farm animals are under human control and interact with stockpeople in several
situations, including handling and milking. In dairy buffaloes, the farming system has recently become
more intensive than it is in dairy cattle, causing potentially higher impacts of human interactions on
the animals [6].
The quantity and the quality of these interactions can have distinct outcomes on the emotional state
and the cognitive bias of farm animals [4,7]. In addition, there is a large body of evidence suggesting
that negative interactions may have a detrimental effect on fertility, growth rates, milk yield, and
behavior of farm animals [8–11]. In buffalo farms, when lactating animals face unfavorable conditions
(e.g., stress and lack of habituation to the milking procedures), milk let-down is facilitated by using
injections of exogenous oxytocin. Therefore, negative human interactions may increase the use of this
practice [12]. Conversely, measures intended to improve this relationship can affect animal reaction
to humans [13,14], thus reducing the risk of stockpeople injuries during farm procedures (handling,
therapeutic treatments, growth control, loading and unloading from the lorry, etc.). Moreover, beneficial
effects of gentling on growth of calves and veal quality have been documented [11,15].
The avoidance distance of animals to humans has been widely used as a measure of the quality of
the human-animal relationship [5,10,16–18]. Avoidance distance of an animal is the distance to which
the animal will allow an observer to approach before it moves to the side or away [5,19]. The rationale
behind this measure is that the lower the distance between animal and observer is, the lower the level of
fear towards humans is [5,16]. In cattle and buffaloes, the avoidance distance has been measured both
in the barn and at the feeding place [17,18,20,21], and, at least in cattle, these two measures have proven
to be highly correlated [17,21]. Therefore, due to feasibility reasons, the avoidance distance at the
feeding place was used in the Welfare Quality® assessment protocol for cattle [22] and buffaloes [23].
Previously, De Rosa et al. [23] reported a high inter-observer reliability of the avoidance distance at the
feeding place, with a Spearman coefficient of 0.92, whereas no information was available on test-retest
reliability (i.e., consistency of the measurement when repeated within a certain period of time) of the
avoidance distance at the feeding place and animal and stockpeople behaviors in the milking parlor.
In addition, while previous investigations conducted on dairy cattle [5], pigs [24], and poultry [25]
found significant correlations between stockpeople behavior, animal behavior, and productive
parameters such as milk yield, milk quality, and growth rate, little is known about these relationships in
dairy buffaloes [12]. In particular, no information is available on the relationship between the behavior
of buffaloes in the milking parlor and their reaction to an approaching person at the feeding place
(i.e., avoidance distance) or on the relationship between the quality of human-animal relationships and
milk production.
Therefore, the present study aimed to assess the test-retest reliability of the stockperson and
buffalo behavior in the milking parlor and the test-retest reliability of the response of buffaloes when
approached at the feeding place. Then, within the frame of the human-animal relationship model
as set by Hemsworth [26], the relationships between human behavior in the milking parlor, animal
behavior in the milking parlor, buffalo reactivity to an unknown person at the feeding place, and milk
production was studied. In addition, the effect of the milking parlor design on human and buffalo
behaviors was studied.
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2. Methods
2.1. Farms, Animals, and Procedure
The research was carried out in 27 Italian buffalo farms located in Campania (n = 18) and
Apulia (n = 9) regions. The herd size ranged from 90 to 1,400 head (number of buffalo cows ranging
from 46 to 930), with lactating buffalo ranging from 20 to 300. Fourteen farms were equipped with
herring-bone parlors, whereas the remaining used tandem parlors. Observations were conducted
from September 2014 to February 2015 by two trained assessors. They were trained in buffalo farms
not involved in the experiment for identifications of stockperson and animal behaviors through
direct observations. The human-animal relationship was assessed by performing two different
methods—avoidance distance at the feeding place 5 min after morning feed distribution and behavioral
observations of stockperson and animals during afternoon milking. The time interval between the
two tests—albeit variable, as it was dependent on farm routine practices (feeding routine and milking
routine, respectively)—ranged from 5 to 7 h. These tests were repeated within one month to assess
test-retest reliability; before starting the second observation session, the observers verified that no
major changes had occurred in farm management. However, the animals observed in the two visits
were not exactly the same. In all farms, stockperson and buffalo behaviors in the milking parlor
were recorded by the same observer, whereas the stockperson’s behavior when moving the animals
from the waiting area to the milking parlor was always observed by the second observer. The latter
also measured the avoidance distance at the feeding place. A management questionnaire aimed
to gather information about herd size, milking routine, farm management, housing, and milking
parlor characteristics was administered by the observer to farm owners during the first visit. In all
farms, testing order was always the same: avoidance distance at the feeding place (morning,), filling
questionnaire (morning), and behavioral observations during afternoon milking. Fourteen farms were
enrolled in the national milk recording scheme. Therefore, for these farms, the data on milk production
(expressed as kg/head/year) and milk quality (in terms of percentage of fat and protein) were collected.
2.2. Avoidance Distance at the Feeding Place
Five minutes after feed distribution, the avoidance distance at the feeding place was measured.
The number of animals tested in each farm ranged from 20 to 100. The test was conducted according to the
procedure reported by Waiblinger et al. [21]. The observer waited for the individual buffalo to look at him
before approaching the animal. Animals were approached by the test person in a standardized way, i.e.,
directly from the front, starting, whenever possible, from a distance of 2 m, walking slowly (around one
step per second), looking at the animal muzzle without staring at the buffalo’s eyes, and keeping an arm at
an angle of about 45◦ in front of the body. The test was ended whenever the animal withdrew (i.e., taking
steps away from the observer or turning the head more than 45◦). If the buffalo cow accepted the touch on
the muzzle/nose, the experimenter tried to stroke the cheek of the animal for at least 1 s but not longer than
3 s. Avoidance distance was estimated at the moment of buffalo cow withdrawal as the distance between
the observer’s hand and the animal’s head with a resolution of 10 cm. The distance was measured by
counting the steps of the observer and converting into meters by measuring the length of the observer’s step.
In a case of withdrawing at the moment of touching the nose or muzzle, an avoidance distance of 10 cm
was recorded, whereas a distance of 0 cm was assigned when the animal allowed itself to be touched and
stroked. Animals were consecutively tested, but, in order to reduce the risk of influencing the neighbor’s
behavior, every second animal was tested. For each farm and each visit, the mean avoidance distance at
the feeding place was calculated. In addition, the following variables were calculated, as reported in the
Welfare Quality protocol for buffaloes [23]:
animals moving at a distance >1 m, %;
animals moving at a distance ≤1 m and ≥0.5 m, %;
animals moving at a distance ≤0.5 m, %;
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animals that can be touched, %.
2.3. Stockperson and Buffalo Behavior during Milking
Stockperson’s behavior was observed from moving the animals to the waiting area to the exit from
the milking parlor. A total of 55 stockpeople were observed. Before starting the second observation
session, the observers verified that no change in the personnel had occurred. We defined the interactions
promoting social partnership as positive, the interactions showing a dominant role of the stockperson
towards the animals as neutral, and those involving harsh physical or verbal interplay as negative.
Therefore, the variables concerning the stockpeople behavior were classified and recorded as follows:
number of positive (talk quiet, pet, touch gentle), neutral (talk dominant, hand gentle, stick gentle)
and negative (shout, talk impatient, stick, slap, and handle forceful) interactions, as indicated by
Waiblinger et al. [5]. The percentages of these three variables in relation to the total of interactions were
also calculated. For each farm and each visit, the average number of interactions per milked buffalo
was calculated. If two persons milked together, the sum of both was used to calculate this average.
The occurrence of oxytocin injection at milking (number of injected animals/number of observed
animals) was also recorded.
The buffalo behaviors, recorded from the entrance in the milking parlor to the removal of the
milking cluster, were step (foot lifted less than 15 cm off of the ground) and kick (raised above 15 cm
off of the ground, even if a clear kick was not visible). They were registered whenever the stockperson
was within 0.5 m of the animals.
2.4. Statistical Analysis
Data were analyzed with the Statistical Analysis Systems Institute package [27]. The farm
was used as the experimental unit. Therefore, for each visit, the values of the behavioral variables
concerning both the animals and the stockpeople were averaged within farms. In order to avoid
non-independent results, the number and the percentage of neutral interactions and the percentage of
animals moving at a distance ≤1 m and ≥0.5 m were excluded from the analyses, as they corresponding
to intermediate, thus less informative, categories. Then, the means were used to calculate the test-retest
reliability of the variables concerning the behaviors of the stockperson (number of positive and negative
interactions/milked buffalo, percentage of positive and negative interactions, percentage of animals
injected with oxytocin) and the animals (number of steps and kicks/milked buffalo, the avoidance
distance at the feeding place, percentage of animals that can be touched, percentage of animals moving
at a distance ≤0.5 m, percentage of animals moving at a distance >1 m). Test–retest reliability was
calculated using the Spearman rank correlation test (rs). Limits of agreement were also calculated
to test whether bias existed between visits [28]. Subsequently, these variables were averaged within
the farm across the two visits. These farm averages were used to compute the correlations between
stockpeople behavior variables, including the number of milked buffaloes/stockperson, and animal
behavior variables using the Spearman rank correlation test. In addition, only for the 14 farms enrolled
in the national milk recording scheme, we calculated the correlation between milk production and the
stockpeople behavior variables as well as the correlation between milk production and the animal
behavior variables using the Spearman rank correlation test.
The Kruskal-Wallis one-way ANOVA test was used to assess the effect of milking parlor design
(herring-bone: n = 14 and tandem: n = 13) on the variables collected on stockpeople and animals.
3. Results and Discussion
3.1. Test-Retest Reliability
Tables 1 and 2 indicate the test-retest reliability of the variables concerning the behavior of
stockpeople and animals, respectively. According to Martin and Bateson [29], a satisfactory threshold
for correlation coefficients may be considered 0.7, as roughly 50% of variance in one set of observations
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is explained by the other set of observations. In our study, the reliability of the variables measured
on the stockpeople may be considered satisfactory, with rs value above 0.7 for most of them, whereas
the number of positive interactions and the percentage of negative interactions were 0.650 and 0.677,
respectively; p < 0.001, df = 25. However, the values of these coefficients were lower than those obtained
for the animal-based variables, which ranged from 0.578 (p = 0.002, df = 25) for the number of kicks
performed by the animals during milking to 0.937 (p < 0.001, df = 25) for the percentage of animals
that moved when approached by ≤0.5 m. Limits of agreement mostly confirm the results expressed in
terms of rs. In cattle, high long-term consistency (farm visits were conducted at bimonthly intervals)
was observed by Winckler et al. [30] for both avoidance distance measured in the barn and at the
feeding place, whereas moderate to high test-retest reliability (recorded at 2–3 week intervals) was
observed in buffaloes for avoidance distance measured in the barn [20]. Our results indicate that the
avoidance distance at the feeding place and stockpeoples’ and animals’ behaviors during milking can
be reliably used as indicators of the quality of the human-animal relationship, as also suggested by
Hemsworth et al. [16] and Waiblinger et al. [21] for dairy cows.
3.2. Stockperson Behavior
The median and the range of stockperson behavioral variables are shown in Table 3. The behavior
of the stockpeople was characterized by a low number of interactions with the animals. These
interactions were mainly neutral, whereas negative interactions were the lowest, with a high degree
of variability among farms. Although Breuer et al. [10] and Hemsworth et al. [16] used different
categories to classify human-animal interactions in cattle, if the definitions are considered, these
categories roughly correspond to those used in the present study (i.e., positive, negative, and very
negative interactions from Breuer et al.’s [10] and Hemsworth et al.’s [16] studies corresponding
to positive, neutral, and negative interactions, respectively, in our study). These authors recorded
a similar total number of interactions. Conversely, Waiblinger et al. [5] and Ivemeyer et al. [31]
reported a higher number of interactions. However, this discrepancy is likely due to the fact that
the latter authors recorded the stockpeople behavior since the animals were moved from the barn,
whereas in this and the other previously mentioned studies, the behavior of stockpeople was observed
when the animals were moved from the waiting area to the milking parlor until their exit from it.
Percent negative interactions showed the lowest value in this study, as in all the previous studies
conducted on dairy cattle, whereas neutral and positive interactions showed the highest and the
intermediate percentages, respectively. Although neutral interactions were the most represented in
a study conducted by Saltalamacchia et al. [12] in a previous work on dairy buffaloes, these authors
recorded a higher number of negative as compared to positive interactions. We can hypothesize that
the attitude and consequently the behavior of the stockpeople working in buffalo milking parlors
has improved over the last decade. Negative interactions are able to increase the level of fear of
humans, whereas positive interactions can decrease it with more beneficial effects on animal welfare as
compared with neutral interactions [4].
The design of the milking parlor affected only the number (median, range: 0.09, 0.03–0.64 versus
0.01, 0.00–0.37, respectively) and percentage (15.00, 4.71–87.88 versus 2.56, 0.00–32.35, respectively) of
negative interactions (χ2 = 7.26, p = 0.007 and χ2 = 5.75, p = 0.016, respectively, df = 1) with higher
levels of negative interactions in tandem parlors as compared with herring-bone parlors. Although
in buffaloes, no studies about the effect of milking parlor design on human-animal interaction are
available to support our hypothesis, we postulate that tandem parlors require animals to be individually
handled in order to let them in and out of each stall, whereas in herring-bone parlors, animals are
handled in groups, which may facilitate their entrance and exit with a reduced likelihood of negative
interactions because of reduced handling and individual interactions. In addition, the type of parlor
tended to influence the percentage of animals injected with oxytocin (χ2 = 3.32, p = 0.067) with lower
percentages in herring-bone parlors as compared with tandem parlors (6.55, 0.00–27.81 versus 14.21,
0.00–100, respectively).
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Table 1. Test–retest reliability of the variables observed on the stockpeople using Spearman rank correlation coefficient (rs) and limits of agreement (mean of differences
±2 SD). Calculations were based on two farm visits (n = 27).
Spearman Statistics Limits of Agreement
Variable rs p-Value Mean Mean +2 SD Mean −2 SD
Positive interactions/milked buffalo, n 0.650 <0.001 −0.01644 0.30416 −0.33703
Negative interactions/milked buffalo, n 0.825 <0.001 0.002949 0.33771 −0.33181
Positive interactions, % 0.771 <0.001 0.641434 34.20647 −32.9236
Negative interactions, % 0.677 <0.001 0.718693 23.07633 −21.6389
Animals injected with oxytocin, % 0.799 <0.001 2.616128 22.58423 −17.352
Table 2. Test–retest reliability of the variables observed on the animals using the Spearman rank correlation coefficient (rs) and limits of agreement (mean of differences
±2 SD). Calculations were based on two farm visits (n = 27).
Spearman Statistics Limits of Agreement
Variable rs p-Value Mean Mean +2 SD Mean −2 SD
Steps/buffalo, n 0.900 <0.001 0.079351 1.385843 −1.22714
Kicks/buffalo, n 0.578 0.002 0.007591 0.682179 −0.667
Animals moving at a distance >1 m, % 0.821 <0.001 −0.52111 6.873861 −7.91608
Animals moving at a distance ≤0.5 m, % 0.937 <0.001 0.051073 16.34284 −16.2407
Animals that can be touched, % 0.903 <0.001 −0.68902 16.08882 −17.4669
Median avoidance distance at the feeding place, m 0.923 <0.001 0.013462 0.135306 −0.10838
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Table 3. Median and range of the variables observed on the stockpeople (n = 27).
Variable Median Range
Positive interactions/milked buffalo, n 0.15 0–0.79
Neutral interactions/milked buffalo, n 0.36 0.03–3.28
Negative interactions/milked buffalo, n 0.04 0–0.64
Positive interactions, % 19.64 0–83.88
Neutral interactions, % 61.29 9.09–93.88
Negative interactions, % 7.61 0–87.88
Animals injected with oxytocin, % 9.75 0–100
Milked buffalo/stockperson, n 55.50 19.12–100
3.3. Buffalo Behavior and Production
The median and the range of buffalo behavioral variables are shown in Table 4. Animal
restlessness at milking may be caused by many different factors, such as pushing of adjacent cows
(only in herringbone parlors), lameness, presence of hematophage insects, poor maintenance of milking
machine, etc. However, it is widely accepted that at least a component of these behavioral expressions
is related to the quality of the human-animal relationship. In this study, the number for stepping was
in line with that reported in some studies conducted on dairy cows [16,31] but lower than that reported
in other studies conducted in dairy buffaloes [12] and cattle [5,10]. Conversely, the number for kicking
was higher than that reported in all the previously cited articles on cattle, albeit it was lower than that
observed in buffaloes [12]. This may be due to a higher sensitivity and reactivity of buffaloes to the
milking routine, as also suggested by the high number of animals injected with oxytocin observed in
this study and in previous studies conducted at farms [12] and individual levels [32] as compared with
cattle [33].
Table 4. Median and range of the variables observed in the animals (n = 27).
Variable Median Range
Steps/milked buffalo, n 0.88 0.11–6.62
Kicks/milked buffalo, n 0.22 0–0.84
Animals moving at a distance >1 m, % 0 0–52.78
Animals moving at a distance ≤1 m and ≥0.5 m, % 7.32 0–46.30
Animals moving at a distance ≤0.5 m, % 49.31 0.93–100
Animals that can be touched, % 34.17 0–77.38
Median avoidance distance at the feeding place, m 0.23 0.04–1.17
Milk production 1, kg/head/year 1995 1593–2540
1 This variable was measured only in 14 farms enrolled in the national milk recording scheme.
In this study, the avoidance distance at the feeding place was lower than that reported by
Shahin et al. in dairy cattle (mean = 52 cm) [34], higher than those measured in fattening bulls
(mean = 12–15 cm) [18] and in dairy cattle (median = 8–10 cm) [35], and comparable to those reported
by De Rosa et al. [23] for buffaloes (median = 20 cm) and by Windschnurer et al. [17] (median = 18.0 cm)
and Battini et al. in dairy cattle (mean = 25) [36]. A previous study also reported a lower avoidance
distance in buffaloes as compared with cattle kept in the same management and housing conditions [20].
Only the percentage of buffaloes moving when approached at a distance >1 m was affected by the
design of the milking parlor, with tandem milking parlors showing a percentage of buffaloes moving
when approached at a distance >1 m higher than herring-bone milking parlors (χ2 = 5.06, p = 0.024,
df = 1, median = 2.67, range = 0.00–52.78 versus 0.00, 0.00–11.90, respectively). These results soundly
match those on stockperson behavior, where the tandem milking parlor induced a higher level of
negative interactions and tended to increase the number of animals injected with oxytocin.
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3.4. Correlating Stockperson and Buffalo Behaviors
Negative stockperson interactions—both in terms of absolute number and percentage—correlated
positively with the number of kicks during milking (rs = 0.421, p = 0.028 and rs = 0.430, p = 0.025,
respectively; df = 25), whereas only the number of negative interactions correlated positively with the
percentage of animals injected with oxytocin (rs = 0.424, p = 0.027, df = 25). These results are consistent
with the hypothesis that the stockperson behavior can influence animal behavior during milking [5,16]
and indicate that a negative behavior expressed by stockpeople at the time of milking can have a
detrimental effect on buffalo cows. In our study, buffaloes, concomitant to a negative human approach,
displayed higher levels of restlessness in terms of number of kicks, with an increased number of
animals injected with oxytocin due to either impaired milk let down or stockpeople willing to speed up
the milking routine. The number of negative stockperson interactions tended to be correlated positively
with the percentage of buffaloes moving when approached at a distance >1 m (rs = 0.355, p = 0.069,
df = 25), whereas the percentage of negative stockperson interactions was correlated positively with the
percentage of buffaloes moving when approached at a distance >1 m (rs = 0.415, p = 0.031). This result
suggests that buffaloes, as with other farm animals, are able to generalize their response to humans,
and if they perceive negative stimuli from the stockpeople in the parlor, they also tend to increase their
avoidance response to an unknown person approaching them at the feeding place. The percentage of
buffaloes moving when approached at a distance >1 m also tended to be correlated positively with the
number of lactating animals per stockperson (rs = 0.345, p = 0.078, df =25), which may indicate that a
high animals to milkers ratio may impair the establishment of a positive human-animal relationship
and reduce the confidence of the animals towards humans. A previous study primarily conducted on
dairy cattle found no association between the number of animals per farm and the level of animal
welfare [37] and suggested that efforts should concentrate on the improvement of animal welfare
independently from the size of the farms. However, in the present study, the effect of the ratio of
animal to milker was investigated (rather than the effect of the number of animals per farm), and a high
ratio, while increasing the work load for stockpeople, may have potentially negative consequences
on the quality of the human-animal relationship. The percentage of positive stockperson interactions
tended to be correlated negatively with the percentage of animals injected with oxytocin (rs = −0.343,
p = 0.080, df = 25).
The milk production per animal per year was correlated negatively with the number of steps
(rs = 0.820, p < 0.001, df = 12) and correlated positively with the number of positive stockperson
interactions (rs = 0.588, p = 0.027, df = 12). This latter finding suggests that positive stockperson
interactions may improve the quality of human-animal relationships and increase the welfare of the
animals with beneficial effects on milk production, as also reported by other authors in previous studies
on dairy cattle (e.g., [16]). However, these results should be taken with caution, as they are based on a
limited number of farms (n = 14, i.e., only those adhering to the official Italian recording system).
4. Conclusions
The present study confirmed that the test-retest reliability of the variables used to assess the
human-animal relationship in buffaloes was high. Also relevant are the findings showing the
relationship between negative stockperson behavior and the reaction of buffalo cows in terms of
restlessness and, possibly, consequent impaired milk let down. Therefore, appropriate stockpeople
training should be conducted to improve human-animal relationships with positive effects on animal
welfare, productivity, and stockpeople safety. In addition, the correlation between the percentage of
negative stockperson interactions at milking and the percentage of animals moving when approached
at a distance >1 m showed that buffalo cows are able to generalize their responses to humans, and if they
perceive negative stimuli from the stockpeople in the parlor, they also tend to increase their avoidance
response to an unknown person approaching them at the feeding place. Therefore, the avoidance
distance of buffaloes at the feeding place is a promising variable to be used for the assessment of the
quality of human-animal relationships, as demonstrated in other animal species. Although based on a
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limited number of farms, also relevant were the results displaying a correlation between stockperson
positive interactions and milk production.
Stockpeople behavior was also affected by milking parlor design, with higher negative interactions
in tandem parlors than in herring-bone parlors, possibly due to the fact that animals had to be
individually handled to let them in and out of each stall. In farms equipped with tandem parlors,
the percentage of buffaloes reacting at more than 1 m to an approaching human was higher, and the
percentage of animals injected with oxytocin tended to increase.
Author Contributions: Conceptualization, F.N. and G.D.R.; data curation, F.S., F.M. and G.D.R.; formal analysis,
F.M. and G.D.R.; funding acquisition, A.B.; investigation, F.S. and E.S.; methodology, F.N. and G.D.R.; project
administration, A.B.; supervision, A.B.; visualization, F.S. and E.S.; writing—original draft, F.N. and G.D.R.;
writing—review & editing, F.N.
Funding: The research was funded by Scuola di Scienze Agrarie, Forestali, Alimentari ed Ambientali, Università
degli Studi della Basilicata (Potenza, Italy).
Acknowledgments: Thanks are due to Amelia M. Riviezzi and Giovanni Migliori for expert technical assistance.
Conflicts of Interest: The authors declare no conflicts of interest.
References
1. Schnettler, B.; Vidal, R.; Silva, R.; Vallejos, L.; Sepulveda, N. Consumer perception of animal welfare and
livestock production in the Araucania Region, Chile. Chil. J. Agric. Res. 2008, 68, 80–93. [CrossRef]
2. Murray, G.; Ashley, K.; Kolesar, R. Drivers for animal welfare policies in Asia, the Far East and Oceania.
Rev. Sci. Tech. Rev. Off. Int. Epiz. 2014, 33, 77–83. [CrossRef]
3. Napolitano, F.; Girolami, A.; Braghieri, A. Consumer liking and willingness to pay high welfare animal-based
products. Trends Food Sci. Technol. 2010, 21, 537–543. [CrossRef]
4. Hemsworth, P.H.; Coleman, G.J. Human—Livestock Interactions, 2nd ed.; CABI Head Office Nosworthy Way:
Wallingford, UK, 2011; pp. 1–168.
5. Waiblinger, S.; Menke, C.; Coleman, G. The relationship between attitudes, personal characteristics and
behavior of stockpeople and subsequent behavior and production of dairy cows. Appl. Anim. Behav. Sci.
2002, 79, 195–219. [CrossRef]
6. Napolitano, F.; Pacelli, C.; Grasso, F.; Braghieri, A.; De Rosa, G. The behavior and welfare of buffaloes
(Bubalus bubalis) in modern dairy enterprises. Animal 2013, 7, 1704–1713. [CrossRef] [PubMed]
7. Mendl, M.; Burman, O.H.P.; Paul, E.S. An integrative and functional framework for the study of animal
emotion and mood. Proc. R. Soc. B 2010, 277, 2895–2904. [CrossRef] [PubMed]
8. Hemsworth, P.H.; Pedersen, V.; Cox, M.; Cronin, G.M.; Coleman, G.J. A note on the relationship between the
behavioral response of lactating sows to humans and the survival of their piglets. Appl. Anim. Behav. Sci.
1999, 65, 43–52. [CrossRef]
9. Rushen, J.; De Passille, A.M.; Munksgaard, L. Fear of people by cows and effects on milk yield, behavior and
heart rate at milking. J. Dairy Sci. 1999, 82, 720–727. [CrossRef]
10. Breuer, K.; Hemsworth, P.H.; Barnett, J.L.; Matthews, L.R.; Coleman, G. Behavioural response to humans and
the productivity of commercial dairy cows. Appl. Anim. Behav. Sci. 2000, 66, 273–288. [CrossRef]
11. Lensink, J.; Fernandez, X.; Cozzi, G.; Florand, L.; Veissier, I. The influence of farmers’ behavior on calves’
reactions to transport and quality of veal meat. J. Anim. Sci. 2001, 79, 642–652. [CrossRef]
12. Saltalamacchia, F.; Tripaldi, C.; Castellano, A.; Napolitano, F.; Musto, M.; De Rosa, G. Human and animal
behavior in dairy buffalo at milking. Anim. Welf. 2007, 16, 139–142.
13. Lensink, J.; Fernandez, X.; Boivin, X.; Pradel, P.; LeNeindre, P.; Veissier, I. The impact of gentle contacts on
ease of handling, welfare, and growth of calves and on quality of veal meat. J. Anim. Sci. 2000, 78, 1219–1226.
[CrossRef]
14. Grandin, T. How to improve livestock handling and reduce stress. In Improving Animal Welfare: A Practical
Approach; Grandin, T., Ed.; CABI International: Wallingford, UK, 2010; pp. 64–87, ISBN 978-1-84593-541-2.
Animals 2019, 9, 246 10 of 11
15. Lürzel, S.; Münsch, C.; Windschnurer, I.; Futschik, A.; Palmed, R.; Waiblinger, S. The influence of
gentle interactions on avoidance distance towards humans, weight gain and physiological parameters in
group-housed dairy calves. Appl. Anim. Behav. Sci. 2015, 172, 9–16. [CrossRef]
16. Hemsworth, P.H.; Coleman, G.J.; Barnett, J.L.; Borg, S. Relationships between human-animal interactions
and productivity of commercial dairy cows. J. Anim. Sci. 2000, 78, 2821–2831. [CrossRef]
17. Windschnurer, I.; Schmied, C.; Boivin, X.; Waiblinger, S. Reliability and inter-test relationship of tests for
on-farm assessment of dairy cows’ relationship to humans. Appl. Anim. Behav. Sci. 2008, 114, 37–53.
[CrossRef]
18. Windschnurer, I.; Boivin, X.; Waiblinger, S. Reliability of an avoidance distance test for the assessment of
animals responsiveness to humans and a preliminary investigation of its association with farmers’ attitudes
on bull fattening farms. Appl. Anim. Behav. Sci. 2009, 117, 117–127. [CrossRef]
19. Fisher, A.D.; Morris, C.A.; Matthews, L.R. Cattle behavior: Comparison of measures of temperament in beef
cattle. Proc. N. Z. Soc. Anim. 2000, 60, 214–217.
20. Napolitano, F.; Grasso, F.; Bordi, A.; Tripaldi, C.; Pacelli, C.; Saltalamacchia, F.; De Rosa, G. On-farm welfare
assessment in dairy cattle and buffaloes: Evaluation of some animal-based parameters. Ital. J. Anim. Sci.
2005, 4, 223–231. [CrossRef]
21. Waiblinger, S.; Menke, C.; Fölsch, D.W. Influences on the avoidance and approach behavior of dairy cows
towards humans on 35 farms. Appl. Anim. Behav. Sci. 2003, 84, 23–29. [CrossRef]
22. Welfare Quality®. Welfare Quality®Assessment Protocol for Cattle; Welfare Quality®Consortium: Lelystad,
The Netherlands, 2009; ISBN 978-90-78240-04-4.
23. De Rosa, G.; Grasso, F.; Winckler, C.; Bilancione, A.; Pacelli, C.; Masucci, F.; Napolitano, F. Application of the
Welfare Quality protocol to dairy buffalo farms: Prevalence and reliability of selected measures. J. Dairy Sci.
2015, 98, 6886–6896. [CrossRef]
24. Coleman, G.; Hemsworth, P.H.; Cox, H.M. Modifying stockperson attitudes and behavior towards pigs at a
large commercial farm. Appl. Anim. Behav. Sci. 2000, 66, 11–20. [CrossRef]
25. Barnett, J.L.; Hemsworth, P.H.; Hennessy, D.P.; McCallum, T.M.; Newman, E.A. The effects of modifying
the amount of human contact on the behavioral, physiological and production responses of laying hens.
Appl. Anim. Behav. Sci. 1994, 41, 87–100. [CrossRef]
26. Hemsworth, P.H. Human–animal interactions in livestock production. Appl. Anim. Behav. Sci. 2003, 81,
185–198. [CrossRef]
27. SAS Institute. User’s Guide: Statistics; SAS Inst. Inc.: Cary, NC, USA, 1990.
28. Bland, J.M.; Altman, D.G. Statistical methods for assessing agreement between two methods of clinical
measurement. Lancet 1986, 327, 307–310. [CrossRef]
29. Martin, P.; Bateson, P. Measuring Behavior: An Introductory Guide, 3rd ed.; Cambridge University Press:
Cambridge, UK, 2007; ISBN 978-0-521-53563-2.
30. Winckler, C.; Brinkmann, J.; Glatz, J. Long-term consistency of selected animal-related welfare parameters in
dairy farms. Anim. Welf. 2007, 16, 197–199.
31. Ivemeyer, S.; Knierim, U.; Waiblinger, S. Effect of human-animal relationship and management on udder
health in Swiss dairy herds. J. Dairy Sci. 2011, 94, 5890–5902. [CrossRef] [PubMed]
32. Polikarpus, A.; Grasso, F.; Pacelli, C.; Napolitano, F.; De Rosa, G. Milking behavior of buffalo cows: Entrance
order and side preference in the milking parlor. J. Dairy Res. 2014, 81, 24–29. [CrossRef]
33. Bruckmaier, R.M. Normal and disturbed milk ejection in dairy cows. Domest. Anim. Endocrinol. 2005, 28,
268–273. [CrossRef] [PubMed]
34. Shahin, M. The effects of positive human contact by tactile stimulation on dairy cows with different
personalities. Appl. Anim. Behav Sci. 2018, 204, 23–28. [CrossRef]
35. Lürzel, S.; Barth, K.; Windschnurer, I.; Futschik, A.; Waiblinger, S. The influence of gentle interactions with
an experimenter during milking on dairy cows’ avoidance distance and milk yield, flow and composition.
Animal 2018, 12, 340–349. [CrossRef] [PubMed]
Animals 2019, 9, 246 11 of 11
36. Battini, M.; Andreoli, E.; Barbieri, S.; Mattiello, S. Long-term stability of Avoidance Distance tests for on-farm
assessment of dairy cow relationship to humans in alpine traditional husbandry systems. Appl. Anim.
Behav. Sci. 2011, 135, 267–270. [CrossRef]
37. Robbins, J.; Von Keyserlingk, M.; Fraser, D.; Weary, D. Farm size and animal welfare. J. Anim. Sci. 2016, 94,
5439–5455. [CrossRef] [PubMed]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
